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= USDA Remote Sensing Agencies 
(10 of 19 Agencies)

USDA has over 65,000 ESRI 
desktop licenses
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USDA’s Interrelated Policy and 

Program Considerations

• Commodity programs  

• Conservation  

• Agricultural trade  

• U.S. Nutrition programs  

• Rural development 

• Agricultural research,

education, and extension 

• Forest Health

• Sustainable Agriculture

• Sustainable Forestry

• Disaster programs

 Wildland fire

 Carbon Markets

 Environment

 Climate change

 Trade Policy

 Dealing with longer-term 
scarcity concerns:

 Land availability

 Water

 Food production 
inputs, especially 
energy

 Energy / Biofuels 



Global to Field Level Requirements

Global Crop Monitoring 

Yellow = USDA 
Areas of Interest

Green = Forest Service Land  
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Early Cooperative Research 

between USDA, NASA, & NOAA 

• LACIE (Large Area Crop Inventory Experiment)-1975-79

– “Determine the practicality and utility of computer 

analyzed remotely sensed data in crop forecasting”

– Launch of Landsat and Great Russian Grain Robbery in 

1972 helped to motivate funding for LACIE.

• AgRISTARS (1980-85)- operational program to 

monitor crop production in USSR with satellites 

• Principal satellites were Landsat & AVHRR-NOAA



Crop Monitoring Heritage

Free Landsat imagery greatly assists USDA and is USG’s 

gift to mankind for better understanding planet Earth

Crop 

Area
(Landsat/AWiFS)

Crop 

Yield
(AVHRR/MODIS/VIIRS)



Crop Monitoring and …… 

• FAS/WAOB (Foreign Agricultural Service/World Agricultural Outlook Board)
– National crop estimates with global coverage for monthly WASDE (World 

Agriculture Supply and Demand Estimates) report

• NASS (National Agriculture Statistical Service)
– US Crop Data Layer (CDL) derived from Landsat/AWiFS data

• ARS (Agricultural Research Service)
– Remote sensing research for agriculture applications

• FS (Forest Service)
– Forest mapping and forest fire monitoring

• RMA (Risk Management Agency) 
– Combat crop insurance fraud

• APHIS (Animal and Plant Health Inspection Service)
– Identify invasive species

• FSA (Farm Service Agency)
– National Agriculture Imagery Program (NAIP)- aerial orthoimagery

• NRCS (Natural Resources Conservation Service)
– National Resources Inventory (NRI) and Wetlands Reserve Program (WRP)



USDA Remote Sensing Investments

• Aerial and High-resolution imagery for the US

– National Agriculture Imagery Program (NAIP) by USDA/FSA

– Special imagery collections for Hawaii, Alaska and US Territories 

(USDA/FS and USDA/NRCS)

• Moderate-resolution imagery (10-56-meter) for 

monitoring agriculture and forestry in the US

– USDA Satellite Imagery Archive (AWiFS & SPOT4/5 with USGS)

– USDA/NASS Crop Data Layer

• Coarse resolution time-series imagery (250-meter) for 

global crop monitoring

– USDA and NASA Global Agriculture Monitoring (GLAM) Project

• Global MODIS (250-meter) Time-Series for Cropland Data Drilling
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>100% Coverage in Two Years

National Agriculture Imagery Program (NAIP) 

by USDA’s Farm Service Agency (FSA)



NAIP Camera Trends
Film Cameras vs. Digital Sensors

Digital

Film
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UltraCamX – Color and CIR – 8” GSD

Four Band Imagery Increases Applications
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USDA Satellite Acquisitions

• USDA agencies partner with each other to leverage 
imagery investments 
– USDA’s Satellite Imagery Archive (SIA) is central 

depository for imagery investments by ARS, NASS, FAS, 
FSA, RMA, FS, APHIS, and NRCS 

– AWiFS imagery from 2005-current

• USDA partners with USGS, NASA, NGIA and other 
agencies for imagery acquisitions and applications.
– SPOT4/5 imagery with USGS (2010-2011)

– USDA/NASA Global Agriculture Monitoring (GLAM)



AWiFS Imagery Allowed Coast-to-Coast 

Cropland Data Layer Production in 2009

USDA/NASS
Released: Jan 4, 2010
Resolution= 56-meter

Source: http://nassgeodata.gmu.edu/CropScape



NASS 2003 CDL

NASS 1997 CDL

Historical NASS CDL Development

Source: http://nassgeodata.gmu.edu/CropScape



AWiFS Imagery (larger swath width & 

greater repeat coverage than Landsat)

Larger AWiFS swath width 

helps to cover continent and 

overlap helps to increases 

temporal resolution

Source: http://www.pecad.fas.usda.gov/archive_explorer/default.cfm



USDA/NASS
Released: Jan. 10, 2011
Resolution= 30-meter

National product contains 55 billion pixels processed 
from 8,601 scenes Landsat and 1,194 AWiFS scenes. 

Source: http://nassgeodata.gmu.edu/CropScape



NASS CropScape: Harmonized all historical CDL products 

to standard color scheme, categories, projection, metadata

• http://nassgeodata.gmu.edu/CropScape



Source: http://www.nass.usda.gov/Education_and_Outreach/Reports,_Presentations_and_Conferences/Presentations/index.asp



Source: http://www.nass.usda.gov/Education_and_Outreach/Reports,_Presentations_and_Conferences/Presentations/index.asp



Source: http://www.nass.usda.gov/Education_and_Outreach/Reports,_Presentations_and_Conferences/Presentations/index.asp



NASS Cropland Data Layer (CDL)

Partnerships

Source: http://www.nass.usda.gov/Education_and_Outreach/Reports,_Presentations_and_Conferences/Presentations/index.asp



USDA’s Satellite Imagery Archive (SIA) 

and Archive Explorer

• Archive Explorer disseminates 
AWiFS Imagery for USDA 
users
– http://www.pecad.fas.usda.gov/ar

chive_explorer/default.cfm

• Bulk imagery download via ftp
– ftp://rasta.gdacorp.com

– EarthWhere graphical interface at 

http://sia.fas.usda.gov/

Archive Explorer: http://www.pecad.fas.usda.gov/archive_explorer/default.cfm



Record AWiFS purchases for the US in 2010 because foreign 

order was reduced from battery problems with on-board recorder.

USDA/FAS/OGA

US received approximately 2/3 of total AWiFS 

scenes and foreign countries received 1/3 of total.



Imagery Costs vs. Spatial Resolution 

Cost -- Resolution Relationship for Orthorectified 

Medium Resolution Satellite Imagery
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Source: Unpublished draft, Joseph Godfrey, 

“A Price Analysis of Multispectral, Land-Imaging Satellites”, April 8, 2008



USDA Partners with USGS for 

2010 and 2011 SPOT-4/5 Imagery

• SPOT4/5 collections 

cover conterminous 

U.S. and parts of 

Canada and Mexico.

• Ground receiving 

station at USGS-

Sioux Falls



Coverage



Coverage

SPOT 4 Spatial Resolution = 20-meters



Coverage

SPOT 10 Spatial Resolution = 10-meters



SPOT Imagery Downloaded by USDA 

Agencies during 2010



USDA Partners with NASA’s 

Earth Observing System (EOS)

Radar satellite 

altimeters for 

monitoring reservoir 

and lake water levels.Landsat for monitoring crop 

area changes.

MODIS sensor for 

monitoring relative crop 

conditions and yields.

TRMM for 

monitoring 

seasonal 

precipitation



Crop Explorer

(displays numerous weather and vegetation condition data sets 

over major crop regions every 10-days)

Maps and time-series charts for:

Weather Data (AWFA, WMO, CMORPH, 
MPA, and NEXRAD)

• Dekadal (10-day) precipitation & 
temperatures compared to climate 
normals 

Soil Moisture & Crop Models

• Modified Palmer two-layer soil moisture 

• Behind firewall: Crop calendars for 
wheat, corn, & sorghum and corn 
hazard/alarm model.

Vegetation Indices (polar-orbiting 
satellites)

• AVHRR/GAC (8-km) (behind firewall)

• SPOT-VEG (1-km)

• MODIS (250-m)

• Daily MODIS

• Aqua and Terra (250-m)

• Lake/Reservoir Heights

• TOPOX/Poseidon,Jason-1, Jason-2

• GFO

• ERS, ENVISAT

Explore by Crop

Crop Explorer: http://www.pecad.fas.usda.gov/cropexplorer/



USDA-NASA Global Agriculture Monitoring (GLAM)

Daily 250-m MODIS from NASA’s Rapid Response

Crop Explorer/MODIS/GLAM Rapid Response: 

http://www.pecad.fas.usda.gov/cropexplorer/



USDA/FAS/OGA

USDA-NASA Global Agriculture Monitoring (GLAM)

250-m NDVI-MODIS Time-Series from 2000-present

GLAM-MODIS NDVI Time Series for Cropland Data Drilling

http://pekko.geog.umd.edu/usda/test/



Potential New Inputs for

Crop Explorer or GLAM

UNSW CCRC Seminar                  

21 August 2009

Near Future Observations

Surface soil moisture 

(SMMR, TRMM, AMSR-E, 

SMOS, Aquarius, SMAP)

Snow water 

equivalent

(AMSR-E, SSM/I, 

SCLP, GCOM-W, 

MIS)

Land surface temperature 

(MODIS, AVHRR,GOES,… )

Water surface elevation 

(Jason-2, SWOT)

Snow cover fraction 

(MODIS, VIIRS, MIS)

Terrestrial water storage 

(GRACE,GRACEII)

Precipitation 

(TRMM, GPM)

Radiation 

(CERES, CLARREO )

Vegetation/Carbon 

(Landsat, AVHRR, MODIS, 

VIIRS, MetOp, DESDynI, 

ICESat-II, HyspIRI, LIST, 

ASCENDS)

Modified from 

NASA- Peters-Lidard



GEOSS: Global Earth Observation 

System of Systems

Source: http://www.earthobservations.org/geoss.shtml



Source: http://www.earthobservations.org/cop_ag_gams.shtml

The Agriculture Component of GEOSS

Bulletin describes different National 

Crop Monitoring Systems



AVHRR

MODIS

183 km swath

Landsat

spatial resolution: 250m, 500m, 1000m

spatial resolution: 15m, 30m

10 – 15  km swath
spatial resolution: ~ 1m

Commercial Systems

spatial resolution: 1100m

2300 km swath

2700 km swath

= Mapping

= Monitoring

Current USDA Land Remote Satellite Sensing Use

2200 km swath

SPOT

VEGETATION

spatial resolution: 1100m

AWiFS

= Fire Monitoring

spatial resolution: 56 m  

737 km swath

Spot 4 and 5
spatial resolution: 5m, 20m

60 km swath

= Problems with Satellite

Relative Ground Swath 
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Crop Monitoring Outlook for 2011

• 2011 SPOT4/5 Imagery Contract with USGS

• 2011 US Crop Season
– RFQ for Moderate Resolution Imagery Collection for 

Lower-48 States from May-Oct, 2011
• AWiFS or similar imagery with greater swath width and 

greater repeat coverage than Landsat

• Anticipated Launch Dates:
– Oct. 25, 2011: NPP (NPOESS Preparatory Project)

• VIIRS is less than MODIS but USDA/FAS plans to bring it 
on-line for global crop monitoring

– April 10, 2011?- Resourcesat-2/AWiFS-



Thank you


